paired synthesis of adrenal and gonadal steroids.
It was demonstrated that loss-of-function mutations in the steroidogenic acute regulatory protein (StAR) gene cause CLAH and that 46,XX patients with CLAH develop spontaneous puberty.
We had reported that three 46,XX patients with CLAH had presented spontaneous puberty and one of the patients had developed life-threatening ovarian cysts, before the etiology of CLAH had been clarified. In the present study, we analyzed their StAR gene and demonstrated mutations.
Endocrinological examinations of the patients revealed that serum LH and FSH levels and their responses to the LHRH stimulation were not exaggerated before the onset of puberty.
Serum LH levels and its response to LHRH were increased during puberty, whereas serum FSH levels remained within the normal range. Serum estradiol increased after the administration of human menopausal gonadotropins in the pubertal patient, suggesting that the ovary might have another system than StAR to facilitate cholesterol transport into the mitochondria.
Although the patients had menstrual cycles, they remained anovulatory, and the resultant increased secretion of LH was speculated to be responsible for the development of ovarian cysts. CONGENITAL lipoid adrenal hyperplasia (CLAH) is an autosomal recessive disorder, characterized by severe adrenal insufficiency and male pseudohermaphroiditism due to impaired synthesis of all kinds of steroids [1] . Recently it was revealed that this disease is caused by deteriorating mutations in the steroidogenic acute regulatory protein (StAR) gene [2] and that the lesions in the steroidogenic cells are postulated to be the results of two separate events, an initial genetic loss of steroidognesis that is dependent on StAR and a subsequent loss of steroidogenesis that is independent on StAR due to cellular damage from accumulated cholesterol esters (a two-hit model of CLAH) [3] . One of the key findings leading to the two-hit model was that 46,XX CLAH patients with deteriorating mutations in the StAR gene went into spontaneous puberty, thus it was hypothesized that the fetal ovary was saved from damage by accumulating lipid droplets because it remains unstimulated until puberty [4] [5] [6] . More than ten years ago, we reported for the first time that three 46,XX CLAH patients had entered spontaneous puberty [7] . In the present study, we report StAR gene TANAE et al. mutations, and clinical and endocrinological findings in these patients.
Subjects and Methods

Patients
The clinical and laboratory findings of the patients are summarized in Tables 1, 2 and 3. Patient 1 is a 28-year-old genetic female, and was previously described as case 7 [7] . The elder sister of the patient, described as case 6 in the previous report [7] , suffered from frequent vomiting and weight loss since 3 months of age and died at 4 months of age. Her autopsy revealed enlarged adrenal glands weighing 23 g (left 13 g and right 10 g) with lipoid infiltration, focal calcification and loss of adrenal zone demarcation of the cortex. Table   3 . Serum estradiol response to hMG stimulation normal female external genitalia. Laboratory studies revealed severe salt loss. Endocrinological findings included low serum cortisol and aldosterone levels and low urinary excretion of 17-ketogenic steroids and 17-ketosteroids. Based on these findings, the patient was diagnosed as having CLAH and was successfully treated with hydrocortisone, 9a-fludrocortisone and NaCI. At the age of 11 years, the patient began to present rapid breast development, and breasts were Tanner stage III when gonadal function tests were performed at the same age. Serum LH was elevated basally and it responded exaggeratedly to LHRH, while basal serum FSH and its response to LHRH were almost within the normal range for pubertal females ( Table  2 ). Serum estradiol was 59.4 pg/ml and increased to 108 pg/ml after the intramuscular administration of human menopausal gonadotropins (hMG) for 5 days (Table 3) . At the age of 12 years, the patient had menarche and menstruated regularly. At the age of 15 years, the patient presented acute abdomen caused by the torsion of pedicles of bilateral large ovarian cysts, and underwent bilateral ovariectomy. Analysis of the fluid from the ovarian cysts demonstrated the presence of steroidogenesis in the ovary. Replacement therapy of estrogen and progesterone was started.
Patient 2, described as case 5 previously [7] , is a 27-year-old genetic female and is the first and only child of healthy unrelated Japanese parents. The patient was born by vaginal delivery after an uneventful 42-week gestation. The patient was referred to our hospital at 30 days of age because of hyperpigmentation and frequent vomiting. On admission, the patient had clinical and laboratory findings similar to those of Patient 1 (Table 1) and was diagnosed as having CLAH. Patient 2 was treated with hydrocortisone, 9a-fludrocortisone and NaCI, and did well. At the age of 10 years when the patient was still prepubertal, endocrinological examination was performed. Serum LH and its response to LHRH were compatible with those of normal prepubertal girls, and serum FSH and its response to LHRH were slightly lower than those of normal prepubertal girls (Table 2) . Serum estradiol levels were low and failed to increase after the hMG administration for 5 days (Table 3 ). The patient presented breast development at 14 years of age, when serum LH, FSH and estradiol levels were 12.8, 6.5 mIU/ml, and < 10 pg/ml, respectively. The patient reported menarche at 15 years of age, when serum LH, FSH and estradiol levels were 46.2, 12.6 mIU/ml, and 12 pg/ml, respectively.
Serum estradiol increased to 46 pg/m later.
By the age of 18 years, the patient had Tanner stage V breast and Tanner II to III pubic hair development.
Although the patient has irregular 18-to 34-day menstrual cycles, the basal body temperature is not biphasic.
Polycystic changes in the ovary have not been detected by repeated pelvic ultrasonography in the patient. Patient 3, reported as case 3 previously [7] , is a 26-year-old genetic female and is the first and only child of healthy unrelated Japanese parents.
The patient was a product of an uneventful birth at 41 weeks of gestation.
The patient manifested hyperpigmentation, cyanosis and vomiting at 3 days of life. The patient was diagnosed as having CLAH based on clinical and laboratory findings similar to those of Patients 1 and 2 (Table 1) , and was successfully treated with hydrocortisone, 9a-fludrocortisone and NaCI.
The patient was referred to our hospital at 1 year of age. At the age of 10 years, the patient was still prepubertal when endocrinological examination was carried out. Serum LH and FSH levels were within the normal prepubertal range and they increased normally after the administration of LHRH (Table 2 ). Serum estradiol levels were undetectable and showed no increase after stimulation with hMG for 5 days (Table 3) .
The patient presented breast development at 12 years of age, when serum LH, FSH and estradiol levels were 8.2, 9.4 mIU/ml, and < 10 pg/ml, respectively. The patient had menarche at 13 years of age, when serum LH and FSH levels were 25.3 and 10.2 mIU/ml, respectively. Serum estradiol increased to 91 pg/ml later.
By 17 years of age, the patient had Tanner stage IV breast and Tanner II pubic hair development.
At the age of 23 years, pelvic sonography revealed a 5.4 x 3.5 cm right ovary with cysts, and subsequent computed tomography confirmed bilateral ovarian cysts. Although the patient has regular 25-day menstrual cycles, the basal body temperature is not biphasic.
Endocrinological evaluation
For the LHRH stimulation test, 100 ig/m2 (maximum 100 gig) of LHRH was given as iv bolus. Serum LH and FSH were determined every 30 min for 120 min. For the hMG stimulation test, 100 U/m2 of hMG was injected intramuscularly every day for 5 days. Serum estradiol levels were determined before the first injection and 24 hours after the last injection. Serum LH and FSH were measured by the double antibody radioimmunoassay (RIA) method using kits from Daiichi Radioisotope Institute, Tokyo, Japan. Serum steroids were measured by specific RIAs.
DNA amplification and sequence analysis of the StAR gene Results
The entire coding regions of the StAR gene from the patients and their parents were directly sequenced. Patients 1 and 2 were compound heterozygotes having a frameshift mutation 42insG in one allele and a nonsense Q258X mutation in the other (Fig. 1) . Patient 3 was homozygous for the Q258X mutation (data not shown). All the patients and their parents were homozygotes for the D203A polymorphism [11] .
Discussion
The genomic DNAs of the patients and their parents were isolated from whole blood by proteinase K digestion and phenol/chloroform extraction after informed consent for the genetic analysis was obtained from each subject. DNA fragments that span each of seven exons of the human StAR gene were selectively amplified using polymerase chain reaction (PCR) [8] . The oligonucleotide primers and PCR conditions were the same as described previously [9] . The amplified DNA fragments were purified by agarose gel electrophoresis, and directly sequenced in both orientations by the dideoxynucleotide chain termination method [10] using a Thermo Sequenase kit (Amersham Japan Ltd., Tokyo).
Two large series of genetic studies of CLAH performed by Bose et al. [3] and Nakae et al. [5] demonstrated that almost all the patients with CLAH have mutations in the StAR gene. Bose et al, also reported that there exist CLAH patients without mutations in the StAR gene [3] . Therefore we performed genetic analysis of our patients.
The pathological diagnosis of CLAH was made in the elder sister of Patient 1, thus Patient 1 was highly expected to have mutations in the StAR gene. As expected, we were able to demonstrate compound heterozygous mutations in the StAR gene from Patient 1. In addition, we confirmed that Patients 2 and 3, who were Fig. 1 . Anaysis of the StAR gene from Patient 1. The patient is a compound heterozygote, having a frameshift mutation 42insG in one allele and a nonsense mutation Q258X in the other.
negative for family history of CLAN, have mutations in the StAR gene. The Q258X mutation, that was detected in all three patients, was repeatedly demonstrated in Japanese and Korean patients with CLAH and was shown to totally abolish the steroidogenesis enhancing activity [2] [3] [4] [5] 9] . The 42insG mutation, that was identified in Patients 1 and 2, was also previously reported in Japanese CLAH patients by others [3, 10] . The 42insG mutation causes a shift in the amino acid reading frame of StAR messenger RNA after codon 42, presumably resulting in premature stop at codon 46 and abolishing StAR activity, although the functional consequences of the mutation have not been studied by the functional expression study.
More than ten years after our first report [7] , two groups described a total of seven 46,XX CLAH patients who underwent spontaneous puberty [4] [5] [6] . However, detailed hypothalamic-pituitary-ovarian findings were available only in one patient, in whom the LHRH stimulation tests were repeated [4] . In contrast to the report by Fujieda et al. describing an exaggerated response of LH and FSH to the LHRH stimulation in a prepubertal 46,XX CLAN patient aged 5 years [4] , we observed that serum LH and FSH responses to the LHRH stimulation were not exaggerated in Patients 2 and 3 when they were 10 years old, that was 4 years and 2 years before the onset of pubertal signs, respectively. The reason for the differences in gonadotropin responses to the LHRH stimulation in the prepubertal patients is not known, but it may be caused by the difference in the age when the patients were examined. After the onset of pubertal signs, serum LH levels were increased whereas serum FSH levels were not elevated. These findings are similar to the observations by Fujieda et al. [4}. We demonstrated that serum estradiol increased after the hMG administration in Patient 1, suggesting that the ovary might have another system than StAR to facilitate cholesterol transport into the mitochondria. In contrast, serum estradiol levels did not increase after the hMG administration in Patients 2 and 3. We interpret these responses were normal, because the patients were clinically prepubertal and showed prepubertal gonadotropin responses to the LHRH stimulation, thus the ovaries were considered to be still functionally silent and not ready to respond to exogenous hMG administration. The unstimulated ovaries in these patients escaped damage by accumulating lipid droplets, and were able to synthesize estradiol by a StAR-independent pathway to develop secondary sexual characteristics and menstruation when pituitary gonadotropin secretions increased. These findings fit the two-hit model described by Bose et al. [3] .
The development of bilateral large ovarian cysts in Patient 1 was an unexpected finding when we reported it for the first time [7] , because there existed no reports on ovarian findings in pubertal CLAH patients at that time. Now it seems to be a common phenomenon for pubertal 46,XX CLAH patients because we detected bilateral ovarian cysts in Patient 3 after the onset of puberty, as did others [4, 6] . We speculate that persistent anovulatory menstrual cycles and the resultant increased section of LH are responsible for the development of ovarian cysts, because the basal body temperature was not biphasic in our patients and no increase in serum progesterone during menstrual cycles was detected in patients reported by Fujieda et al. [4] . However, the precise mechanism for the ovarian cyst development still remains to be elucidated.
In conclusion, we demonstrated the loss-of-function mutations in the StAR gene in three 46,XX CLAH patients who had been reported to have gone into spontaneous puberty, and described hypothalamic-pituitary-ovarian findings in these patients.
